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MEASUREMENT OF ULTRACOLD NEUTRONS PRODUCED BY USING DOPPLER-SHIFTED
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T.O. BRUN, J.M. CARPENTER,V.E. KROHN and G.R. RINGO
ArgonneNational Laborato,’y, Argonne,IL 60439, USA

J.W. CRONIN
Universityof Chicago, Chicago, IL 60637, USA

T.W. DOMBECK and J.W.LYNN
UniversityofMaryland,CollegePark,MD 20742,USA

and

S.A.WERNER
University ofMissouri, Columbia,MO 65201, USA

Received24 October1979

Ultracold neutrons(UCN) havebeenproducedat theArgonnepulsed-neutronsourceby theDoppler shift of 400 rn/s
neutronsBraggreflectedfrom a moving crystal.Thepeakdensityof UCNproducedat the crystalexceeds0.1 n/cm

3.

Methodsof producingultracoldneutrons(UCN) of very cold neutrons.
havearousedconsiderableinterestin recentyearsas The crystalsaremountedon the endof a rotor
potentiallyproviding a meansto carry outa precise (radius= 120 cm) revolving in synchronismwith
searchfor the electricdipole momentof the neutron ZING-P’ pulses.Theneutronbeamis vertical,therotor
[11. It wasshownin a previouspublication [2] that axis is horizontal,and,whenthe400 rn/s neutron
thedensityof UCN that canbe storedin a bottle is pulsesarrive,the crystalpackageis approximately300

limited by the peakneutrondensityin a pulsedsource below horizontaland theneutronreflectingplanesare
andnotby thetime-averageddensity.For this reason horizontal.The scatteringtakesplaceat a Braggangle
pulsed-neutronsourcesarevery attractivefor thepro- of approximately60°in thecrystal coordinatesystem
duction of UCN asthe peakdensitycanbe much wherea substantialrangeof neutronvelocities(z~V)

higherthan at thehighestflux steadystatereactors. is reflectedfor a given spreadof crystalangles(Lie).
This letterdescribestheoperationof a new typeof This arrangementavoidsreflectingat a Braggangleof

UCN sourcewhich utilizes Braggreflection from a 90°wherereflectionsresult in aminimal rangeof velo-
movingcrystal to Dopplershift cold neutrons(‘-400 cities(LiV/LiO ‘~‘ 0).
m/s) into the UCN range(0—7 mIs). Pulsesof neutrons A detaileddiscussionof the scatteringprocesshas
from a liquid hydrogenmoderatorat the ZING-P’ spal- beengivenelsewhere[2]. In practice,thecrystal
lation sourceat ArgonneNational Laboratory [3] packageconsistsof a sandwichof Thermicasheetsse-
arrive at a packageof movingThermicacrystals(verti- paratedby aluminumwedgesto broadentheangular
cal velocity ‘~‘200m/s). Neutronswith a (vertical) spreadand thuscompensatefor the rotationof the
velocity near400 m/sthensatisfythe Bragg condition packageduring thepulse.
andare reflectedand Dopplershifted to form a cloud The velocity distribution of reflectedneutronswas
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VELOCITY COMPONENT TOWARDS the neutronsbelow 7 rn/s in fig. 1 areUCN. Correcting
THE DETECTOR OF DOPPLER for theneutronsbelowthe aluminumcutoff, counter
SHIFTED NEUTRQNS

W
o efficiency, absorptionin thecounterwindow,and
o u

neutronswhich missthecounterafterbeingtrans-
0.8 DATA

I ———MONTE CARLO CALCULATION mittedby theguide tubewe estimatethe flux trans-
0 mittedby theguide tubeis 5 UCN per pulse.Thesolid
~O.6 1$/ \ anglesubtendedat thecrystalby theguidetubeis 5

steradians.This yieldsa productionrate at thecrystal

of 12 UCN/pulse.Weestimatethat the volumein front
~O.4 / \
o / \
o of theguide tube sweptout by the crystalduring the

pulseof 400 rn/sneutronsis about100 cm3. Hence
02 thedensityin theproductionregionis 0.12 UCN/cm3~‘.

Usingthemeasuredphasespacedensityin thepulsed-

C I I I I I ~ neutronsource we find that our converterhasanef-
0 5 10 15 20 25 30 35 40

VELOCITY COMPONENT (m/s) ficiency of 6% m the producingUCN from the avail-
ableneutrons.Fig. 1. Thereflectedneutronspectrumfor thevelocity com-

ponenttowardacounterplacedat theendof aguide tube The pulsed-neutronsourcenow underconstruction
30 cm from thecrystal is shown.Thevelocitiesweredeter- at Argonne,IPNS-I, is designedto provide a substantial
minedby time of flight. The counterhadanaluminumwindow increasein neutronflux. Whenthis sourcebecomes
which reflectedneutronsbelow 3.2 rn/s. Thedashedcurve is availablein 1981 a high-precisionsearchfor theneu-
a MonteCarlocalculationwhich took into accountthecounter tron electricdipole momentwill be possible.efficiencyand theexperimentalarrangement.
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ponenttowardthedetectorwasmeasuredby time of andanotherauthor (J.W.L.)throughtheResearch
flight andthe resultsare shown in fig. 1. Thecounter CorporationandNSFGrantNo. DMR-79-00908.
had a thin aluminumwindow which reflectedneutrons
with a longitudinalvelocity componentbelow 3.2 rn/s. ~ To insurethat the densityof UCN storedin thebottle

The counterefficiencywasabout68% for neutrons matchesthis peakUCN densityashutteris used,It is open
with a velocity of 6.5 rn/s. A Monte Carlo calculation duringperiodsof peakUCN densitybut closedto preventneutronsfrom escapingwhentheUCN density is low. The
producedthedashedcurve in fig. 1. The indicateder- Argonnefacility hasarotatingshutterwhich performsthis
rors referto statisticaluncertaintiesin thedata.Al- function.

thoughno normalizationwasnecessary,theagreement
of theabsolutevaluesis somewhatfortuitoussince the References
uncertaintyin the absolutevaluesis estimatedto be
20%. (In the futureneutronsbelow 3.2 rn/s will be de- [1] A. Steyerl,SpringerTracts Mod. Phys.80 (1977)57.

tectedby acceleratingthemby gravity.) [2] T. Dombecketat,Nucl. Instrum.Methods,to bepublished.

Fig. 1 showsonly the longitudinal velocity compo- [3] J.M. Carpenter,NucI. Instrum.Methods145 (1977)91;
J.M. Carpenter,D.L. PriceandJ.J.Swanson,IPNS:A

nent for the reflectedneutrons.Taking into account nationalfacility for condensedmatterresearch(ANL-

the transversecomponentswe estimatethat 70%of 78-88,ArgonneNatl. Lab., 1978).
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